Aortic aneurysms result from degeneration and abnormal production of elastin and collagen. Besides medical therapy, management includes periodical imaging to identify the best moment for surgery. Nowadays, the alternative to traditional surgical techniques is represented by a hybrid approach in which debranching is followed by positioning of an endograft. We describe a case of a patient with multiple atherosclerotic aneurysms and a penetrating ulcer of the aortic arch treated with a hybrid approach.
Introduction
Aortic aneurysms result from degeneration or abnormal production of elastin and collagen. Atherosclerosis is the main pathological condition associated with degenerative aortic aneurysms and several mechanisms -infl ammation, proteolysis, biomechanical wall stress -contribute to the degenerative process. Thoracic aneurysms may involve one or more segment and the etiology, natural history and treatment may vary [1] . An alternative phenotype of aortic aneurysms is the penetrating ulcers which, in 40% of cases, may lead to complications such as dissection, intraparietal hematoma, rupture and perforation [2] .
The management of aortic aneurysms includes medical treatment, which aims to slow their growth and thereby reduce the risk of dissection and rupture, and surgery. It is also fundamental to carry out periodical imaging studies in order to identify the best possible moment for surgery.
Nowadays, because traditional surgical techniques are burdened by high mortality and morbidity especially in surgery of the aortic arch [3, 4] , hybrid procedures have been proposed that involve arch debranching followed by stenting of the aortic arch [5] .
In this report, we describe a case of a patient with multiple silent atherosclerotic aneurysms with a penetrating ulcer of the aortic arch treated with a hybrid procedure.
Case report
A 74-year-old man was admitted to our Institute for heart failure. At admission he presented NYHA class III dyspnea and peripheral edema. The patient had previously undergone percutaneous coronary intervention and coronary artery bypass surgery, as well as implantation of a pacemaker. He was also affected by diabetes mellitus and chronic kidney disease (creatinine 2.5 mg/dl, estimated Glomerular Filtration Rate -eGRF 23 ml/min/1.73 m 2 ). Due to severe left ventricular systolic dysfunction (ejection fraction 27%), the patient was scheduled for upgrading to a biventricular pacemaker.
The chest X-ray, performed before the electrophysiological procedure, showed a broadened mediastinal shadow with a double contour of the upper left arch in the postero-anterior projection and a pseudo-nodular area projected on the upper margin of the posterior aortic arch in the latero-lateral projection (Fig. 1) .
In relation to these fi ndings, which were compatible with a pathology of the aortic arch, computer tomography was performed which showed multiple aortic arch aneurysms associated with an ulcerative lesion localized on zones 1, 2 and 3 (according to the Criado/Ishimaru classifi cation [6] - Fig. 2 ).
To prevent contrast-induced nephropathy, a fl uid volume load of sodium bicarbonate and normal saline was administered [7] . Despite the high risk of contrast-induced acute kidney injury [7] , no such event was reported in this patient.
A hybrid procedure involving arch debranching followed by stenting of the aortic arch was considered given the multiple atherosclerotic aneurysms and a penetrating ulcer of the aortic arch, and in view of the major comorbidities. Due to involvement of the aortic arch between the innominate and left common carotid artery (zone 1 of the Criado/Ishimaru classifi cation [6] ) the patient was fi rst scheduled for combined carotid-carotid and carotid-subclavian bypass (Dacron prosthesis -Ø 8 mm) in order to create an adequate landing zone for the endograft.
After 3 weeks, control angiography was performed which showed correct function of the graft. Subsequently, the patient underwent positioning of two endografts (Bolton Relay ® 28 -30-34 × 150 mm and Bolton Relay ® 28 -30-28 × 150 mm, Bolton Medical -Barcelona, Spain). The fi rst endograft was placed immediately after the origin of the innominate artery and the second one was partly overlapped to the previous one to isolate the whole area involved by the penetrating ulcer. In this manner, isolation of multiple atherosclerotic aneurysms, as well as of the penetrating ulceration, was obtained. The procedure, carried out in local anesthesia and with percutaneous approach, was performed without any complications and at 18 month follow-up the patient was stable.
Discussion
We describe a case of multiple atherosclerotic aneurysms with a penetrating ulcer of the aortic arch in a subject with major comorbidities (post-ischemic heart failure, diabetes mellitus, and chronic kidney disease).
The presence of a penetrating ulcer is an indication for surgery, along with symptomatic aneurysms with a diameter greater than 6 cm, growth greater than 1 cm per year and concomitant Marfan syndrome [1] . All of these conditions have a high risk of rupture. The comorbidities of the patient could have further compromised traditional surgical techniques, already burdened by high mortality and morbidity, especially for surgery of the aortic arch [3] . Nowadays, the hybrid approach, in which a debranching procedure precedes an endograft deployment, is a valid approach in the case of an aortic aneurysm caused by the progression of the atherosclerotic process in subjects which have previously undergone conventional open repair [8] of the descending aorta. A meta-analysis has confi rmed the validity of this technique which provides mellitus and congestive heart failure. However, because the patient was adequately hydrated [13] , contrast medium use was limited (also avoiding high osmolar agents), and nephrotoxic medications were discontinued [7] , it was possible to avoid contrast induced nephropathy.
Conclusions
In conclusion, hybrid procedures are a safe and effective therapy for patients with multiple thoracic aortic aneurysms, especially in subjects with signifi cant comorbidities.
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Informed consent I declare, on behalf of all authors, that informed consent was obtained from all patients participating in this study. a safe alternative to open repair with acceptable shortand mid-term results, although stroke and mortality rates remain non negligible [5] . Our patient at 18 months follow-up was stable confi rming that thoracic endovascular aortic repair had a good long-term result. Indeed, Desai et al. reported with this technique a freedom from reintervention on the treated segment of 85% at 10 years [9] . In recent years, endovascular debranching with chimney stents is emerging as an alternative. This technique provides a minimally invasive alternative which dramatically reduces the aggressiveness of the procedure in the arch, but more long-term data are needed to defi ne the safety of this approach [10] .
The radiologist plays a key role in this pathology because frequently, as in our case, the patient is asymptomatic. However, following a standard chest X-ray, pathognomonic radiological signs highlighted the widening of the mediastinal shadow with a double contour of the fi rst left arch and a pseudo-nodular area projected on the upper margin of the posterior aortic arch. Moreover, radiologists also perform periodic imaging studies so as to decide the optimal surgical timing [1] . Imaging is also important to identify the correct proximal landing zone, which determines the surgical approach, as well as to document the integrity of the supra-aortic vessels and intracranial circulation [11, 12] .
A further peculiarity of our case is the concomitant chronic kidney disease (creatinine 2.5 mg/dl -eGFR 23 ml/ min/1.73 m 2 ) and the need to administer iodinated contrast both for diagnostic purposes as well as during the procedure of endograft positioning. The risks of acute kidney injury following contrast medium administration in this patient were also high due to concomitant diabetes 
